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AMTTMICROBM' AMINO AC " RF.OTTF.NCES PF.RIVF.D FROM 
at PWA.MFT.ANOCYT F-^TMtTT.ATTNG HORMONE . 



TECHNICAL FIELD 

5 The present invention relates to new pharmaceutical compositions useful as antimicrobial 

agents,includingj^^ 
ofyeasU.killingn^robeswitW^ 

inflammation in svhich there is microbial infection without reducing microbial killing, and for 
increasing the accumulation of cAMP in microbes. More particularly, this invention relates to 
10 antimicrobial agents including amino acid sequences derived from alpha-melanocyte-stimulating 
hormone (o-MSH) and biologically functional equivalents thereof. 
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BACKGROUND OF THE INVENTION 

Mucosal secretions, phagocytes, and other components of the nonspecific (innate) host 
defense system initiate the response to microbial penetration before time-consuming adaptive 
immunity starts. Survival of plants and invertebrates, which lack adaptive immunity, illustrates 
effectiveness of host defense based on such innate mechanisms. 

Endogenous antimicrobial peptides are significant in epithelia, the barrier to environmental 
challenge that provides the first line of defense against pathogens. Production of natural 
antimicrobial peptides by phagocytes has been recognized for a long time. These natural 
antimicrobial peptides generally have a broad spectrum of activity against bacteria, fungi, and 
viruses. Martin, E., Ganz, T., Lehrer, R.I., Defensins and Other Fndo^nous Peptide Antibiotics of 
Vertebrates. J. Leukoc. Biol. 58, 128-136 (1995); Ganz, T., Weiss, J., Antimicrobial Peptides of 
Phagocytes and Epithelia . Sem. Hematol. 34, 343-354 (1997). 

The search for antimicrobial peptides, however, has been painfully difficult and slow. A rare 
and difficult find has been bactericidal/permeability-increasing protein ("BPI"), which has been used 
successfully to treat children with severe meningococcal sepsis. Giroir, B.P., Quint. P.A., Barton, P.. 
Kirsh, E.A., Kitchen, L., Goldstein, B., Nelson, B.J., Wedel, N.I., Carrol, S.F., Scannon. P.J., 
Preliminary F.valnation »f Recombinant Amino-terminal Fra<wnf of Humar 

Bjscjsrjcid^ ^ 
350,1439-1443 (1997). 

It would be an important advance in the science to identify the most active amino acid 
sequences responsible for broad spectrum antimicrobial activity, which would also be useful in new 
prophylactic and therapeutic antimicrobial treatments. 
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SUMMARY OF INVENTION 

According to the approach of the invention, the existence of homologs of vertebrate 
antimicrobial peptides in invertebrates suggests that such peptides are ancestral components of the 
host defense system. Some of these peptides, or their synthetic homologs, might be suggested for 
use as therapeutic agents for controlling microbes. 

Alpha-melanocyte-stimulating hormone ("o-MSH") is an ancient 13 amino acid peptide 
produced by post-translational processing of the larger precursor molecule proopiomelanocortin and 
shares the 1-13 amino acid sequence with adrenocorticotropic hormone ("ACTH")- Eberle, A. R, 
Th.M.lanotrooins . Karger, Basel, Switzerland (1988). a-MSH is known to be secreted by many 
cell types including pituitary cells, monocytes, melanocytes, and keratinocytes. Lipton, J. M, 
Catania, A., AnM.inflnmmato rYTnflnP.nce.oftheNenroimmunomodulatora-MSH , Immunol. Today 
18, 140-145 (1997). a-MSH occurs in the skin of rats and in the human epidermis. Thody, A.J., 
Ridley, K, Penny, R.J., Chalmers, R., Fisher. C, Shuster, S.. MSH Peptides Are Present in 
Mammalian Skin . Peptides 4, 813-816 (1983). a-MSH is also found in the mucosal barrier of the 
gastrointestinal tract in intact and hypophysectomized rats. Fox, J.A.E.T., Kraicer, J., 
Imin u ng react^^ 

T,^..^H-^ Th v^r nm i7.edRats .£«fe.5cf. 28,2127-2132(1981). We recently found that human 
duodenal cells produce a-MSH in culture. Catania et al., unpublished. The presence in barrier 
organs of this ancient peptide, relatively invariant in amino acid sequence over approximately 300 
million years, suggests that it may have a role in the nonspecific (innate) host defense system. 

a-Melanocyte-stimulating hormone is known to have potent antipyretic and anti-inflammatory 
properties. Lipton, J.M.. A nfipwerir and Anti-infl,mm,toryT.ys Pro >^n1 romposi.ionsandMethod 
ofUse, U.S. Patent No. 5.028,592, issued July 2, 1991, which is incorporated herein by reference in 
it5entlrety;L}pton ,J.M ^n r ^i. a nHAnti-inf1ammntorvLysPro>^romposi,ions a ndMethod 
ofUse , u.S. Patent No. 5,157.023, October 20, 1992, which is incorporated herein by reference in its 



-3- 



ABPH18000PCT 

entirety; Catania, A., Lipton, J. M.. n-MH.nocyte Stimulating Hormone jn the Modulation of Hpst 
Reactions, Endocr. Rev. 14, 564-576 (1 993); Lipton ,J. M., Catania, A., Antwnfl^^ 
^^k^ ^^^SR Immunol. Today 18. 140-145 (1997). o-MSH reduces 
production of proinflammatory mediators by host cells in vitro. Rajora, N., Ceriani, G., Catania, A., 
Star, R.A., Murphy, M. T., Lipton, J. M., p-MSH Production Pernors and Influence on 
xt^, m . Human Monocyje^ojMge gel] Line. J. Leukoc. Biol. 59. 248-253 (1996); Star, 
R.A, Rajora, N., Huang, J., Stock, R.C., Catania, A., Lipton, J. M., Eyidgnce of Autocrine 

MaMaiaa ^m^p 1 - ""^ ™*« s ™""" , : bv g - MSH - Proc - NatL W ScL (USA) ^ 

8016-8020 (1995). ct-MSH also reduces production of local and systemic reactions in animal models 
of inflammation. Lipton, J. M., Ceriani, G, Macaluso. A., McCoy, D.. Games, K., Biltz, J., Catania, 
. . ,„. j n fi — - — igr y Effects of thfi Neuropeptide rt-MSH in *n,te Chronic and Systemic , 
Mammation, Ann. N. Y. Acad. Sci. 741, 137-148 (1994); Rajora, N.. Boccoli, G, Bums, D., 
Sharma, S., Catania, A., Lipton, J.M.. c MSH Modulates Local anj gircuMng Tumor Necrosis 
^.^P^HmenH^nTn^mmation. J. Neurosci. 17, 2181-2186 (1997). The "core" a- 
MSH sequence (4-10) has learning and memory behavioral effects but little antipyretic and anti- 
inflammatory activity. Lipton, J. M., Catania, A., ftafl inflammatory Influence of the , 

t inum dulatox ozMSH. *— 18 > 140 " 145 (1997) ' The aCtWe ™" 

sequence for these antipyretic and anti-inflammatory activities resides in the C-termina. amino acid 
sequenceofa-MSH,thatis,lysine-proline-valine("Lys-Pro-Va,»or"KPV"),whichh^^ 

vitro and in vivo that parallel those of the parent molecule. Richards, D.B., Lipton, J.M., Iffectpf 
- MSB qi^lH -vrfn - r-n—iin^ on Fever in the Rabbit, P« P rW« 5, 815-817 (1984); Hiltz, 

M.R.UI TM ^^^^^A^vi^of.COOH-terminMFra.mentofthe.Neuropep ji^ 

n-MSH. FASEB J. 3, 2282-2284 (1 989). These peptides are known to have extremely low toxicity. 

Lipton. J.M., Catania, A., AntMnflammatory Influence, of the Neuro.m r. _ 

Immunol. Today 18. 140-145 (1997). 
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Melanocortin peptides, including a-MSH, ACTH, and other amino acid sequences derived 
from a-MSH or ACTH, have heretofore not been studied for potential antimicrobial activity, and 
there has been no suggestion that melanocortin peptides would have such activity. 

According to the invention, it has been determined that a-MSH and certain other amino acid 
sequences derived from a-MSH have signif.cant antimicrobial uses, including forexample, for use in 
reducing the viability of microbes, reducing the germination of yeasts, killing microbes without 
reducing the killing of microbes by human neutrophils, for treating inflammation in which there is 
microbial infection without reducing microbial killing, and increasing the accumulation of c AMP in 
microbes. 

According to a broad aspect of the invention, the antimicrobial agent is selected from the 
group consisting of one or more peptides including the C-terminal amino acid sequence of a-MSH, 
that is, KPV, one or more peptides including the amino acid sequence MEHFRWG. or a biologically 
functional equivalent of any of the foregoing. 

According to one aspect of the invention, the antimicrobial agent is selected from the group 
consisting of one or more peptides including the C-terminal amino acid sequence of a-MSH, that is, 
KPV, or a biologically functi6nal equivalent of any of the foregoing. The KPV sequence is the amino 
acid sequence a-MSH (11-13). This type of .antimicrobial agent includes a dimer of the amino acid 

sequence KPV, such as VPKCCKPV. 

According to a further aspect of the invention, the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence HFRWGKPV or a 
biologicallyfunctionalequivalentofanyoftheforegoing. The HFRWGKPV sequence is the amino 

acid sequence a-MSH (6-13). 

According to a still further aspect of the invention, the antimicrobial agent is selected from 
the group consisting of one or more peptides including the amino acid sequence 
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SYSMEHFRWGKPV or a biologically functional equivalent of any of the foregoing. The 
SYSMEHFRWGKPV sequence is the entire amino acid sequence of a-MSH (1-13). 

According to yet another aspect of the invention, the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence MEHFRWG or a 
biologically functional equivalent of any of the foregoing. The MEHFRWG sequence is sometimes 
referred to as the "core" amino acid sequence of a-MSH, that is, a-MSH (4-10). 

With these aspects of the invention, it is believed that the shorter amino acid sequences tend 
to bemoreeffective.Preferably,the antimicrobial agent is further selected from the group consisting 
of one or more peptides having an amino acid chain length of up to thirteen. Still more preferably, 
the antimicrobial agent is further selected from the group consisting of one or more peptides having 
an amino acid chain length of up to eight. Based on the experimental results obtained thus far. the 

tripeptide KPV is the most effective. 

According to the invention, an effective concentration of the antimicrobial agent is at least 
10-"- molar, and more preferably the concentration of the antimicrobial agent is at least 10"' molar. 
Itisfullyexpectedthatthese peptides, which have extremely low toxicity, will be effective in 

animal and human subjects without adverse effect. 

These and other aspects of the invention will be apparent to those persons skilled in the art 
upon reading the following description of the experimental evidences and discussion. 



BRIEF DESCRIPTION OF THE DRAWING 

The accompanyihg figures of the drawing are incorporated into and form a part of the 
specifcationtoprovideillustrativeexamplesofthepresentinventionandtoexplaintheprinciplesof 

the invention. The figures of the drawing are only for purposes of illustrating preferred and alternate 
embodiments of how the invention can be made and used. It istobe. understood, of course, that the 
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drawing is intended to represent and iilustrate the concepts of the invention. The figures of the 
drawing are not to be construed as limiting the invention to only the illustrated and described 
examples. Various advantages and features of the present invention will be apparent from a 
consideration of the written specification and the accompanying figures of the drawing wherein: 

Figure 1 shows the effect of a-MSH (1-13), a-MSH (1 1-13), and the "KPV dimer" on 5. 
aureus colony forming units ("CFU") compared to controls. All three molecules significantly 
decreased S. aureus colony forming units over a broad range of peptide concentrations. 

Figure 2 shows that treatment with urokinase increases S. aureus colony formation, but that 
the addition of a-MSH (1-13) or (11-13) significantly inhibited this urokinase-enhancing effect. 

*p<0.001 vs urokinase alone. 

Figure 3 shows the effect of a-MSH (1-13), a-MSH (1 1-13), and the "KPV dimer" on C. 
albic ans colony forming" units ("CFU") compared to controls: All three molecules significantly 
decreased C. albicans colony forming units over abroad range of peptide concentrations. 

Hgure 4 shows a comparison of candidacidal activity of certain melanocortin peptides and 
fl uconaJe(al.lO«M). The most effective of the melanocortin peptides were those including the C- 
terminal amino acid seance of a-MSH. for example, a-MSH (1-13), a-MSH (6-13), and a-MSH 

(11-13). " 

Figure 5 A shows untreated germination of C. albicans, i.e. blastospores. 
F.gure 5B shows horse serum-induced germination of C. albicans. 
Figure 5C shows' the effect of a-MSH (1-13) treatment on germination of C. albicans. 
File 5D shows the effect of a-MSH (1 1-13) treatment on germination of C. albicans. 
Figure 6 shows the effect of a-MSH (1-13) and a-MSH (1 1-13) on C. albicans killing by 
humanneutrophils. Values are expressed as percent increase in killing vs medium alone. Scores are 

means + SEM. 
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Figure 7 shows the effect of a-MSH (1-13), a-MSH (11-13), and forskolin on cAMP content 
of C. albicans. 

Figure 8 shows the inhibitory effect of a-MSH (1-13), a-MSH (1 1-13), and forskolin on C. 
albicans colony fonning units. 

5 

DETAILED DESCRIPTION OF THE INVENTION 
L Materials and Methods 

Peptides 

The peptides used in this research included: a-MSH (1-13), (4-10), (6-13), and (11-13), all 
10 of which were N-acetylated and C-amidated, and ACTH (1-39) and (18-39) (CLIP). Another 
peptide used in this research included a dimer of the amino acid sequence KPV, specifically 
VPKCCKPV, which also was N-acetylated and C-amidated (the "KPV dimer"). The KPV dimer 
can be chemically represented as NH 2 -Lys-Pro-Val- AcCys-Cys Ac-Val-Pro-Lys-NH 2 . The peptides 
were prepared by solid-phase peptide synthesis and purified by reversed-phase high performance 
15 liquid chromatography, as kindly provided by Dr. Renato Longhi, CNR, Milano. 

Organisnfand culture conditions 

S. aureus (ATCC 292 1 3) and C. albicans (clinical isolate) were obtained from the collection 
of the Department of Microbiology, Ospedale Maggiore di Milano. C. albicans were maintained on 
20 Sabouraud's agar slants and periodically transferred to Sabouraud's agar plates and incubated for 48 
hours at 28°C. To prepare stationary growth phase yeast, a colony was taken from the agar plate and 
transferred into 30 ml Sabouraud-dextrose broth and incubated for 72 hours at 32»C. Cells were 
centrifuged at 1000 x g for 10 minutes and the pellet was washed twice with distilled water. Cells 
werecountedandsuspendedinHank'sbal d ncedsaltsolution("HBSS")tothedesiredconcentration. 

25 Viability, determined by the exclusion of 0.01 % methylene bluer.remained > 98%. 
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Trial of melanocortin peptides on S. aureus viability 

5. aureus (lxlOVml in HBSS) was incubated in the presence or absence of o-MSH (1-13), 
a-MSH (1 1-13), or the "KPV dimer" at concentrations in the range of Iff 15 to Iff* M for 2 hours at 
37=C. Cells were then washed in cold distilled water and diluted with HBSS to a concentration of 
100 organisms/ml. One ml aiiquots were dispensed on blood agar plates and incubated for 24 hours 
at 37°C. Organism viability was estimated from the number of colonies formed. 

In experiments on S. aureus we determined the influence of a-MSH on urokinase-induced 
growth-enhancement. Hart, D.A., Louie, T., Krulikl, W., Reno, C. S^t ylororrus Aureus Strains 
P if ... xbeir in Vitg — " TT nnvm TTnttnvr- Evidence Th»t MHhidllin-resistant 

A , Predommapfl y »^ tt> ^ Ornwth-enhancing FffrrH of Urokinase , Can. X 
Men*** 42, 1024-3 1 (1966). 5. aureus (10* / 100 ml) were incubated for 4 hours at 37 -C with 
recombinant human urokinase 500 U (Lepetit, Milan, Italy) in a shaking water bath, in the presence 

or absence of a-MSH (1-13) or (1 1-13) 10* M. Appropriate dilutions of 5. aureus were dispensed 

y 

on agar plates and colonies counted after 24 hours incubation at 37°C. 

Trial of melanocortin peptides on C. albi6ans viability 

C. albicans (lxlOVml in HBSS) was incubated in the presence or absence of a-MSH (1-13), 
a-MSH (1 1-13), or the "KPV dimer" at concentrations in the range of 10" to WM for 2 hours at 
37°C. Cells were then washed in cold distilled water and diluted with HBSS to a concentration of 
WOorganisms/ml.Oneml aiiquots were dispensed on blood agar plates and incubated for 48 hours 

at 37°C. Organism viability was estimated from the number of colonies formed. 

I n sub S e q uentexperimentsusingsimilarprocedureswecomparedactivityofa-MSH(4-10), 

(6-13) (1 1-13), ACTH (1-39), (18-39), and fluconazole, the latter being a known antifungal agent. 
Melanocortinpep^ 

least six replicates for each concentration of peptide. 
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Trial of o-MSH peptides on C. albicans germination 

C. albicans from stationary phase cultures were washed twice with distilled water and 
suspended in HBSS to a final concentration of 2 x 10 s /ml. Hyphal growth was induced by addition 
of 10% inactivated horse serum (G1BCO/BRL, Paisley, Great Britain) to yeast incubated for 45 

5 minutes at 37°C with continuous shaking. Horse serum was removed by washing cells twice with 
HBSS and incubation was continued for 60 minutes at 37°C in the presence of o-MSH (1-13), (6- 
13), or (1 1-13) at a concentration of 10' 6 M with continuous shaking. The percentage of filamentous 
cells was evaluated under a light microscope with the aid of a hemocytometer. Experiments were 
run in triplicate and at least 200 cells were scored. Photomicrographs were taken with a MClOO 

10 camera attached to an Axioskop Zeiss microscope. 

Trial of a-MSH peptides on C. albicans killing by human neutrophils 

Venous blood (20 ml) from healthy volunteers was anticoagulated with heparin. Neutrophils 
were isolated using dextran sedimentation and Ficoll-Hypaque (Sigma Chemical Co.. St. Lx>uis, 
15 Missouri, USA) centrifugation. Erythrocytes were lysed via hypotonic shock. Neutrophils 
represented at least 97% of the cell suspension. Cell viability, estimated by trypan blue exclusion, 
was > 98%: Neutrophils were suspended to final concentration in HBSS. 

C. albicans (1x10 s ) were opsonized' with human AB serum in a shaking water bath for 30 
minutes at 37°C. Organisms were then incubated with neutrophils in presence of medium alone or 
20 medium with o-MSH (1-13) or o-MSH (1 1-13) in concentrations of 10"' to V? M in a shaking 
water bath for 2 hours at 37°C. After incubation, the culture tubes were placed on ice to stop growth 
and extracellular organisms were washed twice with centrifugation at 1000 x g at 4'C. A 2.5% 
sodium desoxycholate solution was added to the suspension and the tubes were shaken for 5 min. 
Cold distilled water was added to obtain a suspension of 10' cells/ml. Two 1/100 serial dilution in 
25 HBSS were made to obtain a final suspension of 100 cells/mirAIiquots of 1 ml were dispensed on 
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blood agar plates and incubated for 48 hours at 37°C. Colony forming units ("CRT) were counted 
at the end of the incubation period. Experiments were run in triplicate and repeated using blood from 
5 different donors. 

Trial of a-MSH peptides on cAMP accumulation 

C albicans (10 6 /ml), permeabilized with toluene/ethanol, were incubated at 37°C with 
continuous shaking in the presence of 10 6 M a-MSH (1-13), (11-13), forskolin, an agent known to 
increase intracellular cAMP, or in medium alone. The reaction was stopped after 3 minutes by the 
addition of ice cold ethanol. cAMP was measured in duplicate using a commercial enzyme 
immunoassay (EIA) kit (Amersham, United Kingdom) after extraction via the liquid-phase method 
according to manufacturer's instructions. The effect of forskolin (10" 6 M) on C. albicans colony 
formation was determined using the same procedures as for a-MSH peptides. 

Statistical analysis 

Gne-way analysis of variance and Student's t test were used to analyze the data. Probability 
values <0.05 were considered significant. 

IT. Results 

a-MSH Peptides inhibited 5. aureus colony formation 

a-MSH peptides (1-13) and (1 1-13) inhibited 5. aureus colony formation (Fig. 1). A dimer 
of the amino acid sequence KPV, specifically, NH r Lys-Pro-Val-AcCys-CysAc-Val-Pro-Lys-NH 2 . 
(the "KPV dimer") also inhibited S. aureus colony formation (Fig. 1). The inhibitory effect occurred 
over a wide range of concentrations and was significant (p<0.0 1 ) with peptide concentrations of 1 0 
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Treatment with urokinase increased S. aureus colony formation and addition of a-MSH (1- 
13) or (11-13) at concentrations oflO 6 M significantly inhibited the enhancing effect of urokinase 
(Fig. 2). 

a-MSH Peptides inhibited C. albicans colony formation 

C albicans colony forming units ("CFU") were greatly reduced by a-MSH (1-13) and (1 1- 
13) (Fig. 3). A dimer of the amino acid sequence KPV, specifically, KPVCCVPK (the "KPV 
dimer") also inhibited C. albicans colony formation (Fig. 3). Concentrations of all three peptides 
from 10> 2 to 10" 4 Mhad significant inhibitory influences on CFU (p<0.01 vs control). 

In experiments comparing the relative potency of 10" 6 M melanocortin peptides in reducing 
C albicans viability, a-MSH (11-13), (6-13), and (1-13) were the most effective (Fig.4). Their 
inhibitory activity was similar to that of equimolar fluconazole. The "core" a-MSH sequence (4-10), 
which has behavioral effects but little an ti -inflammatory activity, caused approximately 50% 
inhibition of CFU. Although this inhibitory effect was substantial (p<0.01 vs control), it was 
significantly less than that caused by a-MSH fragments bearing the KPV signal sequence, i.e., a- 
MSH (6-13) and (11-13) (p<0.01), or the parent molecule a-MSH (1-13) (p<0.05). ACTH (1-39) 
and the ACTH fragment (18-39) did not reduce C. albicans viability (Fig.4). Even higher 
concentrations of these ACTH peptides (up to 10" 4 M) were likewise ineffective in reducing C. 
albicans CFU (results not shown in the figures). 



, a-MSH peptides reduced C. albicans germination 

Coincubation of C. albicans with a-MSH (1-13) or (1 1-13) inhibited germ tube formation 
induced by horse serum (Figs. 5A-D). a-MSH (1-13) caused 28-32% reduction in the number of 
filamentous cells; the tripeptide inhibited germination by 54-58%. The octapeptide a-MSH (6-13) 
25 had similar activity (approximately 50% inhibition) (not shown) 
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a-MSH peptides enhanced C. albicans killing by human neutrophils 

ct-MSH (1-13) and (11-13) enhanced killing of C. albicans by human neutrophils when 
administered in concentrations of 10 " to lO«(p<0.01) (F.g.6). Therefore, enhanced killing occurred 
over a very broad range of concentrations including picomolar concentrations, i.e., the quantity of ct- 
MSH found in human plasma. Catania, A., Airaghi, L., Garofalo, L., Cutuli, M., Lipton, J.M., The 
Nguro EeBtids SiMSH " AIDS and Other renditions in Humans. Ann. N. Y. Acad. Sci. 840, 848-856 
(1998). 

a-MSH peptides increased cAMP accumulation 

Because many of the effects of a-MSH are known to be mediated by induction of c AMP, we 
measured effects of a-MSH peptides on cAMP accumulation in C. albicans. a-MSH (1-13) and 
(11-13) enhanced cAMP content in the yeast (Fig.7). The increase was of the same order of 
magnitude as that induced by equimolar forskolin, an adenylate cyclase activator (Figs. 7). To 
determine whether increases in c AMP could be responsible for reduction in CFU, we tested the 
effects of forskolin on C. albicans viability. Results showed that 10« M forskolin markedly inhibited 
C. albicans CFU relative to control (p<0.01). The inhibitory effect was similar to that exerted by a- 
MSH peptides (Fig. 8). 
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III. Discussion 

Antimicrobial agents against the viability of microbes 

The results show thata-MSH (1-13), its C-terminal tripeptide sequence a-MSH (1 1-13), and 
other a-MSH fragments have significant antimicrobial effects against at least two major pathogens: S. 

5 aureus and C. albicans. The most effective of the a-MSH peptides were those including the C- 
terminal amino acid sequence KPV of the a-MSH sequence, i.e., a-MSH (1-13), (6-13), and (11- 
13). A dimer of the amino acid sequence KPV, specifically, VPKCCKPV (referred to herein as the 
-KPV dimer") has also been shown to be at least as effective as a-MSH (11-13) against microbes. 
The a-MSH "core" sequence (4-10), which is known to influence learning and memory, but has little 

10 antipyretic and anti-inflammatory influence, was effective, but less so. The ACTH peptides (1-39) 
and (18-39) did not have significant candidacidal effects. These observations indicate that 
antimicrobial activity is not common to all melanocortin peptides, but rather that it is specific to a- 
MSH amino acid sequences, and most particularly to the C-terminal amino-acid sequences of a- 
MSH. 

15 The antimicrobial effects of these a-MSH peptides occurred over a very broad range of 

concentrations, including picomolar concentrations that normally occur in human plasma. Catania, 
A., Airaghi, L., Garofalo, L., Cutuli, M., Lipton, J.M., The Neuropeptide a-MSH in AIDS and Other 
rnnHirion. in Humans. Ann. N. Y. Acad. Sci. 840, 848-856 (1998). This suggests that endogenous 
a-MSH has a physiological role in natural immunity. 

Therefore, these a-MSH peptides are expected to be useful as a broad prophylactic against 
microbial infection and in the treatment of human and veterinary disorders resulting from microbial 
invasion. Further, these peptides that likewise have anti-inflammatory activity could be used to treat 
cases in which both inflammation and microbial invasion coexist, or where the aim is to prevent their 
coexistence or development. 



25 
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Antimicrobial agents against germination of yeasts 

Yeasts can be major pathogens. For example, C. albicans is the leading cause of invasive 
fungal disease in premature infants, diabetics, surgical patients, and patients with human immunode- 
ficiency virus infection or other immunosuppressed conditions. Despite appropriate therapy, death 
resulting from systemic C. albicans infection in immunocompromised patients is substantial. 
Wenzel, R.P., Pfaller, M.A., Candida Species: Emerg ing Hospital Bloodstream Pathogens, Infect. 
Control. Hosp. Epidemiol 12, 523-4 (1991); Cartledge, J.D., Midgley, J., Gazzard, B.G., Clinically 
Significant Azote Cross-resi stance in Ca ndida Isolates from HIV-Positive Patients with Oral 
Candidosis , AIDS 11, 1839-44 (1997). The pathogenesis of C albicans infection involves adhesion 
to host epithelial and endothelial cells and morphologic switching of yeast cells from the ellipsoid 
blastospore to various filamentous forms: germ tubes, pseudohyphae, and hyphae. Gow, N.A., Germ 
Tube Growth of Candida Albicans , Cttrr. Topics Med. Mycol. 8, 43-55 (1997). It is therefore 
important that a-MSH (1-13) and its C-terminal tripeptide (11-13) not only reduce the viability of 
yeast, but also reduce germination of yeast. 

Antimicrobial and anti-inflammation effects without reducing killing by human neutrophils 

Reduced killing of pathogens is a dire consequence of therapy with corticosteroids and 
nonsteroidal anti-inflammatory drugs during infection. Stevens, D.L., Could Nonsteroidal Anti- 
inflammatory Drugs (NSATOs) Enhance P rogression of Bacterial Infections to Toxic Shock 
Syndrome?, Clin. Infecu Dis. 21, 977-80 (1997); Capsoni, F„ Meroni, P.L., Zocchi, M.R., Plebani, 
A.M., Vezio, M., Effect of Corticosteroids 6n N eutro phil Function: Inhibition of Antibody-dependent 
CelLmedjaied Cytotoxicity ( APCO . J. ImmunopharmacoL 5,217-30(1983). This effect could be 
particularly dangerous in the immunocompromised host. 

a-MSH has potent anti-inflammatory influences in models of acute, chronic, and systemic 
inflammation. Its wide spectrum of activity and lpw toxic ky "suggest that a-MSH is useful for 
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treatmentofinflammationinhumanand veterinary disorders. It was. therefore, important to leam the 
innuence of a-MSH peptides on C. albicans killing by phagocytes. This is especially important 
because a-MSH is known to inhibit neutrophil chemotaxis. Catania. A., Rajora N., Capsoni, F.. 
Minonzio. F., Star. R.A.. Lipton. J.M.. The Neurop e ptide a-MSH Has Mfic Receptors on 

~ ^.^^n^i. in Vitro. Peptides 17. 675-679 (1996). In the absence of trial. 

it could have been expected to reduce killing by human neutrophils, despite the direct antimicrobial 
effect. Results of the present research indicate that a-MSH peptides do not reduce killing but rather 
enhance it. likely as a consequence of the direct candidacidal effect. Therefore, anti-inflammatory 
agents such as a-MSH peptides that have antimicrobial effects are expected to be very useful in 
clinical practice. 

Theoretical discussion and cAMP accumulation 

An important question concerns how a-MSH peptides exert their antimicrobial effects and 
whether they operate like other natural antimicrobial agents. 

It is known that a-MSH shares a number of similarities with other natural antimicrobial 
peptides such as the defensins or the cathelicidins: 

1) it is produced in mammals but also in primitive organisms that lack adaptive immunity. 

Eberle, A. N., Th, Mrlanotrooins . Karger. Basel. Switzerland (1988). 

2) likeknownantimicrobialpeptide S .itsprecursormolecule P roo P iomelanocortin(POMC)is 

expressed in phagocytes and epithelia and post-translational proteolytic processing is required to 
convert it to active a-MSH. Rajora. N., Ceriani. G.. Catania. A.. Star. R.A.. Murphy. M. T.. Lipton. 
j. M.. a^MSH Produ ction Em ptors, and Influence on ^o ^Jr^^m 
MsBgsm! ^^ J. Leukoc. Biol. 59. 248-253 (1996); Luger. T.A.. Schauer. E.. 

Trautinge, F.. Krutmann. J., Ansel. J.. Schwarz. A., Schwartz, T.. Eutefta-J* 
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T^nnn.nnnressir c M.lsno.rooins bv Human Keratinocytes, Ann. N.Y. Acad. Sci. 680, 567-570 
(1993); 

3) it is a cationic peptide; and 

4) it has antimicrobial influences against at least two disparate pathogens, a yeast and a 
bacterium. In addition, ct-MSH inhibits HIV-1 replication in acutely and chronically infected 
monocytes. Barcellini, W., La Maestra, L., Clerici, G., Lipton, J. M., Catania, A., fchjbitorv 
inflagnges of OzMS H E gtidej on Hiv- 1 Expressio n in Monocytic Cells , 12th World AIDS 
Conference, Geneva, June 28-July 3, 1998. These findings indicate that a-MSH has the broad 
spectrum of activity of other innate antimicrobial substances. 

The mechanism of action of natural antimicrobial agents is only partly understood. Most of 
these peptides, including the defensins, alter membrane permeability and impair internal homeostasis 

of the organism. The first contact is made between the cationic groups of the peptide and the 
negatively charged head of the target membrane. Then, the tertiary structure determines the mode of 
insertion of the peptide into membranes where they form ion channels or pores that disrupt cell 
integrity. It is known that cAMP-enhancing agents inhibit mRNA and protein synthesis in C. 
albicans. Bhattacharya, A., Datta, A., Effect of Cyclic AMP on FN A and Protein Synthesis i n 
rnnAiAa Albicans . Biochem. Biophys. Res. Commun. 77:1483-44 (1977). 

In the present experiments it is shown that a-MSH induces cAMP accumulation in C. 
^Wc^andalsothatthecAMP-indu^ 

limited by this theoretical explanation, it may be that the antimicrobial effect was caused by 
enhancement of this mediator. 

Biologically functional equivalents 

Asusedherein.abiological functional equivalent is defined as an amino acid sequence that is 

functionally equivalent in terms of biological activity. 
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Although the specific amino acid sequences described here are effective, it is clear to those 
familiar with the art that amino acids can be substituted in the amino acid sequence or deleted 
without altering the effectiveness of the peptides. Further, it is known that stabilization of the o- 
MSH sequence can greatly increase the activity of the peptide and that substitution of D- amino acid 
forms for L-forms can improve or decrease the effectiveness of peptides. For example, a stable 
analog of a-MSH ,[Nle 4 ,D-Phe 7 ]- a-MSH, which is known to have marked biological activity on 
melanocytes and melanoma cells, is approximately 10 times more potent than the parent peptide in 
reducing fever. Holdeman, M. and Lipton, J.M., Antipyretic Activity of a Potent a-MSH Analog . 
Peptides 6, 273-5 (1985). Further, adding amino acids to the C-terminal a-MSH (1 1-13) sequence 
can reduce or enhance antipyretic potency (Deeter, L.B., Martin, L.W., Lipton, J.M., Antipyretic 
ProBeajes of Centrally Administ ered n.MSH Fragments in the Rabbit, Peptides 9,1285-8 (1989). 
Addition of glycine to form the 10-13 sequence slightly decreased potency; the 9-13 sequence was 
almost devoid of activity, whereas the potency of the 8-13 sequence was greater than that of the 1 1- 
13 sequence. It is known that Ac-[D-K»]- a-MSH 1 l-13-NH 2 has the same general potency as the 
L-form of the tripeptide a-MSH 11-13. Hiltz, M.E., Catania. A., Lipton, J.M.. Anti-inflammatory 
Activity of a-M.SH ■ 1 1 -1 3^ Anajggs Influence * of Alterations in .Stereochemistry. Peptides 12, 767- 
7 1 ,( 1 991). However, substitution with D-proline in position 12 of the tripeptide rendered it inactive. 
Substitution with the D-form of valine in position 13 or with the D-form of lysine at position 1 1 plus 
the D-form of valine at position 13 resulted in greater anti-inflammatory activity than with the L-form 
tripeptide. These examples indicate that alterations in the amino acid characteristics of the peptides 
can influence activity of the peptides or have little effect, depending upon the nature of the 
manipulation. 

It is also believed that biological functional equivalents may be obtained by substitution of 
amino acids having similar hydropathic values. Thus, for example, isoleucine and leucine, which 
have a hydropathic index +4.5 and +3.8, respectively, can be-sWstituted for valine, which has a 
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hydropathic index of +4.2, and still obtain a protein having like biological activity. Alternatively, at 
the other end of the scale, lysine (-3.9) can be substituted for arginine (-4.5). and so on. In general, it 
is believed that amino acids can be successfully substituted where such amino acid has a hydropathic 
score of within about +/- 1 hydropathic index unit of the replaced amino acid. 



